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ABSTRACT: This article gives the description of a plasma 
anemometer which uses a high-frequency ac discharge to 
measure rapidly varying processes, particularly the rapid 
velocity pulsations of an airflow. The principles of 
operation and the block and circuit diagrams of the device 
are examined, and its superiority over a glow-discharge 
anemometer is demonstrated. Tests performed with the 
device showed that in the deflection of  the flow toward 
the discharge axis, there appears in the discharge current 
a constant component that is proportional to the angle of 
deflection. This effect, attributed to the deformation o f  
the ion spac e charge, makes it possible to measure the 
angular velocity component of the flow. 

In the solution- of many experimental problems, e.g., in the analysis of 
the operation of  j k t  technology facilities (pneumatic studies), it is neces- 
sary to measure pulsations in the velocity of an airflow. 

/% 

It is possible in some cases to use a thermoanemometer or an anemometer 
which employs a direct current glow-discharge. For measuring rapidly alterna- 
ting processes, however, difficulties begin to show up in the design and per- 
formance of the thermoanemometer. 
several disadvantages, such as the intensive burning-out of the electrodes, 
the instability of the current in the discharge, and so on [l]. The conver- 
sion to a discharge with a high-frequency ac power source has enables us to 
essentially eliminate the shortcomings of the glow-discharge anemometer. 

The glow-discharge anemometer also has 

The newly designed plasma anemometer contains two identical blocks which 
make it possible to make simultaneous measurements in different locations 
(Fig. 1). 

. .  

Figure 1. Diagram of Device 

'Numbers in the margin indicate pagination in the foreign text. 
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The f irst  block c o n s i s t s  o f  master generator  I ,  power a m p l i f i e r  11, and 
d ischarger  111. The second block cons i s t s  o f  t h e  analogous components I t ,  11' 
and 111'. 
with a b r idge  ou tpu t ,  and i n d i c a t o r  apparatus V a r e  common t o  both blocks.  
E i the r  a d i a l  o r  a loop o r  e l e c t r o n i c  osc i l lograph ,  i n  conjunct ion  with an 
a d d i t i o n a l  d e t e c t o r  appara tus ,  may be used as t h e  l a t t e r .  

Comparison ope ra to r  IV, which c o n s i s t s  of  a d i f f e r e n t i a l  ampl i f i e r  

b Dischargers  111 and 111' are set  up a t  t h e  output  o f  t h e  power ampl i f i e r  
and a high-frequency d ischarge  is  crea ted  between t h e i r  e l e c t r o d e s .  
t rodes  of  t h e  d ischarger  a r e  made of  two plat inum e l e c t r o d e s  wi th  a $4 of  
0 .5  millimeters, which are placed i n  t h e  cu r ren t  being s tud ied .  

The elec- 
r l .  

The frequency of t h e  power source of t h e  appara tus  is s e l e c t e d  such t h a t  
t h e  e l e c t r o n s  do not  completely pass  t h e  d ischarge  gap i n  t h e  time of a h a l f  
per iod  of  t h e  power source vo l t age .  I n  t h i s  case t h e  e l e c t r o n s  accumulate i n  
t h e  d i scha rge  gap, which g r e a t l y  i n t e n s i f i e s  t h e  d i scha rge ,  s i g n i f i c a n t l y  in -  
c r eas ing  i t s  s t a b i l i t y  even up t o  r a t h e r  h igh  v e l o c i t i e s  of  t h e  gas stream. 
The upper l i m i t  of  t h e  frequency o f  t h e  power source v o l t a g e  t o  t h e  d ischarge  
w i l l  be  t h a t  frequency a t  which t h e  energy l o s s e s  t o  emission become q u i t e  
g r e a t  and t h e  d e l i v e r y  o f  t h e  high-frequency energy t o  t h e  d ischargers  i s  
impeded. 
t h e  appara tus .  

a / l o 4  - 

We t h e r e f o r e  s e l e c t e d  a frequency of 5 Mhz f o r  t h e  power supply of  

The apparatus  ope ra t e s  i n  t h e  following manner (Fig.  I ) .  The o s c i l l a -  
t i o n s  produced i n  t h e  anode r eg ion  of the high-frequency gene ra to r ,  which i s  
r ep resen ted  by pentode V1, a r r i v e  at t h e  g r i d  of  t h e  power ampl i f i e r ,  which 

is  rep resen ted  by pentode V The load of  t h e  power a m p l i f i e r  i s  t h e  high- 2'  
frequency c i r c u i t ,  whose inductance i s  represented by t h e  primary c o i l  of 
t h e  s tep-up  high-frequency t ransformer  and t h e  secondary c o i l  o f  which leads  
t o  t h e  d i scha rge r .  

A t  a d e f i n i t e  d i s t a n c e  between t h e  e l ec t rodes  of t h e  d i scha rge r  (0.1-1.0 
mill imeters),  which is  e s t a b l i s h e d  with micrometr ic  screw, a high-frequency 
d ischarge ,  which forms a low-temperature plasma, i s  developed between t h e  
e l e c t r o d e s .  The ions  loca t ed  i n  t h e  discharge gap reproduce a l l  t h e  pulsa-  
t i o n s  of  t h e  gas stream, accordingly changing t h e  s i g n a l  a t  t h e  output  c o i l  of 
t h e  t ransformer .  

One o f  t h e  outputs  of  t h e  secondary c o i l ,  by pass ing  through inductance 
L5,  p rovides  f o r  t h e  formation o f  t h e  input s i g n a l  f o r  t h e  d i f f e r e n t i a l  am-  

p l i f i e r ,  which i s  represented  by dua l  t r i o d e  V The s i g n a l  from t h e  analo-  

gous s t a g e  of t h e  o t h e r  block goes i n t o  t h e  o t h e r  h a l f  o f  V5 and in su res  

reduced d i s t o r t i o n s  r e s u l t i n g  from i n t e r f e r e n c e  occuring i n  both channels i n  
oppos i t e  phasing.  
c h a r a c t e r i z e s  t h e  pu l sa t ions  i n  t h e  ve loc i ty  of  t h e  stream under inves t iga -  
t i o n ,  i s  produced a t  t h e  output o f  t h e  c i r c u i t .  

I 

5 '  

The a l t e r n a t i n g  component o f  t h e  d e s i r e d  s i g n a l ,  which 
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When t h e  c i r c u i t s  a r e  matches, t h e  c r i t i c a l  va lue  i s  t h e  v o l t a g e  on t h e  
GU-50 con t ro l  g r i d ,  which i s  s e l e c t e d  experimental ly  i n  such a way as t o  in -  
s u r e  a d ischarge  wi th  s t a b l e  glow without overhea t ing  t h e  e l e c t r o d e s .  

Since it i s  p r a c t i c a l l y  impossible  t o  o b t a i n  a symmetrical d i f f e r e n t i a l  
output  from one contour because of  t h e  lack of matching of t h e  output  branches,  
which i s  caused by t h e  r e d i s t r i b u t i o n  of t h e  cu r ren t  of  t h e  high-frequency 
energy as a func t ion  of t h e  loads on these  branches,  two independent channels 
are used.  

’. 
When it i s  necessary t o  ope ra t e  on one channel of t h e  device ,  po ten t io -  

meter R provides  a zero a t  t h e  output o f t h e  comparison c i r c u i t .  

4 The manufacturing of t h e  d ischarger  [ Z ]  involved e l e c t r o d e s  wi th  small 
dimensions, c a r e f u l  welding of  t h e  e lec t rodes  t o  f i r m  mountings, q u a l i t y  
i n s u l a t i o n  of t h e  e l ec t rodes  from t h e  chass i s  of t h e  d i scha rge r ,  manufacturing 
of t h e  mounts from heat-conduct ing materials, u se  of e l e c t r o d e s  of s p h e r i c a l  
shape, and a l s o  s t i p u l a t e d  t h e  proper s e l e c t i o n  of  t h e  material of  t h e  elec- 
t r o d e s .  

The d i s t a n c e  between t h e  e l ec t rodes  determines t h e  s e n s i t i v i t y  of t h e  
plasma anemometer and i s  s e l e c t e d  i n  accordance wi th  t h e  r equ i r ed  range of 
measurement of t h e  v e l o c i t i e s  with cons idera t ion  of  t h e  fact  t h a t  as t h e  
v e l o c i t y  of  t h e  s t ream under i n v e s t i g a t i o n  inc reases  then  t h e  gap between t h e  
e l ec t rodes  must decrease .  
poss ib l e .  

Otherwise t h e  ltblow-outtt o f  t h e  d ischarge  is 

By cons ider ing  t h e  phys ics  of t h e  operat ion of  t h e  device ,  it may be con- 
s i d e r e d  t h a t  changes i n  t h e  vo l t age  on the e l ec t rodes  are caused: 

(1) By mechanical deformation of the  e l e c t r o d e s ,  caused by t h e  p re s su re  
of  t h e  stream o r  by i t s  hea t ing  e f f e c t  on t h e  burned out e l e c t r o d e s  as a con- 
sequence o f  t h e  discharge;  

( 2 )  By t h e  e f f e c t  of atmospheric cooling on t h e  thermionic  p r o p e r t i e s  of 
t h e  e l e c t r o d e s ;  

(3) By t h e  effect  of  t h e  p re s su re  of  t h e  surrounding medium; 

(4) By t h e  leak ing  of ions  from t h e  discharged gas [3 ] .  

/ l o 6  If t h e  measurement probe i s  well constructed,  t h e  l a s t  o f  t h e  causes  - 
enumerated above w i l l  predominate. The space charge of t h e  ions  dur ing  high- 
frequency d ischarge  i s  d i s t ingu i shed  by low mobi l i ty  because o f  t h e  r e l a t i v e l y  
high i n e r t i a  of t h e  ions  and v a r i a t i o n s  i n  t h e  d ischarge  are caused p r imar i ly  
by t h e  in f luence  of  t h e  a i r f low,  which s i g n i f i c a n t l y  d i s t o r t s  t h e  p i c t u r e  of 
t h e  d i s t r i b u t i o n  of t h e  space charge by forming a glowing t a i l  behind t h e  
d ischarge .  
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Also, i n  a d d i t i o n  t o  t h e  causes enumerated above, t h e r e  i s  y e t  another  
mechanism which causes  v a r i a t i o n s  i n  t h e  r e s i s t a n c e  o f  t h e  discharged gas .  

When t h e  p re s su re  of t h e  output i s  high at  a d i s t a n c e  pd between t h e  
e l e c t r o d e s ,  t h e  predominating mechanism o f  t h e  e l e c t r o n  lo s ses  i s  e l e c t r o n  
adhesion, i . e . ,  t h e  formation of  negat ive ions  i n  t h i s  manner [4 ] .  

I n ' t h e  case a t  hand, where t h e  apparatus  ope ra t e s  a t  atmospheric p re s su re  
and t h e  d i s t a n c e  between t h e  e l ec t rodes  is r a t h e r  g r e a t ,  t h e  va lue  o f  pd may 
be regarded as high.  Therefore  it may be assumed wi th  s u f f i c i e n t  b a s i s  t h a t  
t h e  nega t ive  ions  formed as a r e s u l t  o f  e l e c t r o n  adhesion w i l l  be  blown away 
from t h e  d ischarge  gap by t h e  a i r f low.  
r e s u l t i n g  from high va lues  of  pd i s  d is regarded .  

' a  

The phenomen o f  e l e c t r o n  d i f f u s i o n  

. 
The ba lance  equat ion of p a r t i c l e s ,  upon cons ide ra t ion  of t h e  a i r f l o w  as 

d i r e c t e d  toward t h e  axis of  t h e  d ischarger ,  has  t h e  form 

where V is t h e  v e l o c i t y  of t h e  gas stream, n i s  t h e  concen t r a t ion  of t h e  e l ec -  
t r o n s ;  v i s  t h e  frequency of  i on iza t ion ;  v i s  t h e  frequency of  recombination; 

D i s  t h e  d i f f u s i o n  c o e f f i c i e n t ;  1-1 is  a dimensionless  va lue  c h a r a c t e r i z i n g  t h e  
cons t ruc t ion  of  t h e  d ischarger .  

i r 

A s  fo l lows  from t h e  s o l u t i o n  of t h e  ba lance  equat ion  of  p a r t i c l e s  [l], 
t h e  dependence of vo l t age  appl ied  t o  t h e  d i scha rge r  on t h e  vel 'oeity of  t h e  a i r -  
flow has a q u a d r a t i c  cha rac t e r .  Nevertheless ,  it depends s u b s t a n t i a l l y  on t h e  
d i s t a n c e  between t h e  e l ec t rodes  of  t h e  measurement probe. 

During v i s u a l  observa t ions  of t h e  discharge,  it i s  poss ib l e  t o  see t h e  
t y p i c a l  p i c t u r e  of t h e  flow of a high-frequency d ischarge  i n  a i r  a t  atmospheric 
p re s su re .  
d i scharge  under t h e  very same condi t ions  [ S I .  

This  p i c t u r e  i s  similar t o  t h a t  which i s  seen  while  observing glow- 

When t h e  d i s t a n c e  between t h e  e lec t rodes  d = 0 . 2  millimeters, a d ischarge  
i s  observed which i s  accompanied by b r igh t  b l u e  near -e lec t rode  coronas.  
presence o f  an  a i r f low t h e s e  coronas move f r e e l y  along t h e  e l e c t r o d e s .  As 
t h e  d i s t a n c e  between t h e  e l ec t rodes  is reduced, s t a r t i n g  with d = 0.6 m i l l i -  
meters, a new p o r t i o n  o f  t h e  d ischarge ,  less b r i g h t  and narrower than  t h e  
nea r  e l e c t r o d e  corona, appears .  A s  t h e  d i s t ance  i s  increased  f u r t h e r ,  up t o  
1 .4  - 1.7  millimeters, t h e r e  occurs  a d ischarge  band wi th  a diameter  of  
0 .8  - 0.9 millimeters [SI. 
between t h e  e l ec t rodes  v a r i e s ,  while  t h e  dimensions of t h e  near -e lec t rode  
coronas remain about t h e  same. 

I n  t h e  

The length  of t h e  band changes as t h e  d i s t a n c e  

5 



I t  was noted t h a t  f o r  devia t ions  i n  t h e  d i r e c t i o n  o f  t h e  c u r r e n t  from 
normal t o  t h e  ax i s  o f  t h e  d ischarge ,  a constant  component appears  i n  t h e  flow 
of t h e  d ischarge  which i s  p ropor t iona l  t o  t h e  angle  o f  i n c l i n a t i o n .  
a t t r i b u t e d  t o  deformations of  t h e  i o n i c  space charge [ l ] .  
b l e  t o  measure t h e  magnitude o f  t h e  angular  components o f  t h e  v e l o c i t y  of t h e  
flow being i n v e s t i g a t e d .  

This i s  
This  makes it p o s s i -  
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